INTRODUCTION
The presence of polymorphonuclear leukocytes (PMNs) in respiratory secretions (purulence) has been considered as a sign of respiratory infection (tracheobronchitis, pneumonia) especially when accompanied by bacteria. 1 -4 Medical decisions (i.e., antimicrobial treatments) are made on the assumption that purulence and bacteria on Gram stain in tracheal aspirates (TAs) are predictors of positive tracheal cultures (TCs). 2, 3, 5, 6 Culture isolation of bacteria from the airway of mechanically ventilated newborns has been associated with congenital and nosocomial pneumonia, 1,7 -9 thus supporting the association of purulence and bacteria with infection. Additionally, Gram-negative bacilli (GNB) in TAs from very low birth weight (VLBW) infants (1500 g) have been related to the severity of bronchopulmonary dysplasia (BPD).
OBJECTIVE:
Tracheal aspirates ( TAs ) from mechanically ventilated very low birth weight ( VLBW ) infants are frequently obtained during the evaluation of suspected sepsis, tracheitis, or ventilator -associated pneumonia ( VAP ). Purulence and bacteria in Gram stain of bronchopulmonary secretions are considered signs of respiratory infection, and medical decisions are made on the assumption that they are predictors of positive bacterial tracheal cultures ( TCs ). The purpose of this retrospective investigation was to establish the relationship of purulence and bacteria in TA from ventilated VLBW infants with positive TC and to identify its clinical significance.
STUDY DESIGN:
One hundred and seventy consecutively born VLBW infants ( 1996 to 1998 ) who remained on mechanical ventilation longer than 1 week were studied. Demographic, laboratory, and clinical data were obtained from hospital medical records. Purulence, defined by the number of polymorphonuclear leukocytes ( PMNs ) per low power field ( LPF ), was reported as light ( < 25 PMNs / LPF ) or moderate / heavy ( 25 PMNs / LPF ) for every TA.
RESULTS:
Purulence was absent in 469 of 646 ( 72% ) TA taken from 170 infants. Light purulence was present in 17% and moderate / heavy purulence in 11%. TCs were positive in 58% of non -purulent, 94% of light, and 100% of moderate / heavy purulent TA. Bacteria on Gram stain were present in 12% of nonpurulent, 70% of light purulent, and 83% of moderate / heavy purulent TA. Moderate / heavy purulence in TA was predictive of a positive TC with Gramnegative bacilli ( GNB ) with 70% sensitivity, 100% specificity, 100% positive predictive value, and 67% negative predictive value. Purulence in TA, as well as GNB airway colonization, became more frequent as mechanical ventilation progressed and was not associated with a particular GNB species.
There were 79 infants who never had purulent TA and 91 who, at some time during the hospitalization, did. At the time of first purulent TA, 65 ( 71% ) of 91 infants were asymptomatic. Twenty -six infants ( 29% ) had clinical deterioration for which they underwent sepsis work -up. Three had blood stream infection, 5 VAP, 5 tracheitis, and 13 respiratory complications of non -infectious etiology. Four of five VAP infants died; all others survived.
CONCLUSION:
In VLBW infants, purulence in TA is associated with prolonged endotracheal intubation and is temporally related to GNB airway colonization. At the time of the first purulent TA, the majority of mechanically ventilated VLBW infants are asymptomatic. Only a few symptomatic VLBW infants had nosocomial respiratory infection. Understanding the clinical significance of purulence and GNB in TA from this unique patient population is important for management and prognosis, and it may decrease concern for infection and the associated use of antibiotics. 
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respiratory secretions of mechanically ventilated VLBW infants with positive bacterial cultures. It will also ascertain GNB species differences in association with purulence and identify clinical correlates in VLBW infants with and without purulence in their respiratory secretions.
METHODS
Study population was composed of 170 consecutively born VLBW infants delivered at The Ohio State University Medical Center during 1996 to 1998 who were intubated at the delivery room and remained on mechanical ventilation longer than 1 week. In accordance with our management protocols, on admission to our Level III NICU, all mechanically ventilated VLBW infants were considered at risk for early onset sepsis. Blood cultures, complete white cell count and chest X-rays, were obtained before treatment with ampicillin 100 mg/kg per day iv, given in two doses every 12 hours, and gentamicin 5 mg/ kg per day iv, given according to gestational age at 24-(35 weeks) or 48-hour ( <35 weeks) intervals. This regimen was continued for 3 days if blood cultures were negative and for 5 to 7 days if positive. Newborns were treated with a neonatal pressure-limited time-cycled ventilator and, when indicated, with a high-frequency device. Umbilical arterial catheterization was performed for blood gas monitoring. In those infants who received long-term intravenous therapy, umbilical or central venous catheterization was done. Nosocomial blood stream infection (BSI) was defined by traditional clinical signs and hematologic abnormalities beginning after 2 days of life and corroborated with a positive blood culture. Suspected nosocomial BSI was treated with gentamicin (see above) and vancomycin 30 mg/kg per day iv, given every 8 or 12 hours. Once blood culture isolates were identified, antimicrobial therapy was changed according to antibiotic susceptibilities.
As part of a comprehensive infection control program to monitor airway microbial colonization, species prevalence, and antibiotic susceptibilities, TAs were obtained on admission to the NICU and then weekly. 16 The presence of organisms on Gramstained smears was semi-quantitatively noted. Purulence, defined by the number of PMNs per low power field (LPF), was reported as light ( <25 PMNs/LPF) or moderate/heavy (25 PMNs/ LPF) for every TA. 17 TC and antibiotic susceptibility tests were performed using standard clinical microbiological laboratory methods. 18 Airway bacterial colonization was defined by the presence of the same organism in two or more TCs taken at least 1 week apart in infants without concurrent clinical or radiological evidence of infection. In cases of isolation of multiple organisms from the same TC, the bacterial species found more consistently over time was considered the primary colonizer. Temporal relationship between TA purulence and the development of Gram-positive cocci (GPC) and GNB airway colonization was also studied.
Ventilator-associated pneumonia (VAP) was diagnosed by the presence of a respiratory pathogen in TA or in blood, together with clinical signs of infection and radiological findings consistent with pneumonia. 19 BPD was diagnosed clinically in infants who presented signs of respiratory failure, were on mechanical ventilation longer than 2 weeks, and were still treated with oxygen at 28 days of life. 20 Severity of BPD was defined by the need for treatment with oxygen at 36 weeks postconceptional age (PCA) and at the time of discharge from the hospital. 21, 22 According to clinical needs, BPD infants were given dexamethasone sodium phosphate iv (0.5 mg/kg per day given in two doses every 12 hours) for 3 days, followed by dosage tapering. Throughout the study period, no infant received dexamethasone before 7 days of age. 
RESULTS
All VLBW infants were subdivided into 79 infants who never had purulence in their TA and 91 who, some time during their hospitalization, had light (44) or moderate/heavy (47) purulent TA (Table 1) . These subgroups of infants were similar except that those in the moderate/heavy purulent TA group were smaller, experienced longer mechanical ventilation and hospitalization (ANOVA, p<0.05), and were more likely to require supplemental oxygen at 36 weeks PCA and at the time of discharge ( 2 , p<0.05). All groups were similar as to gestational age, race, and gender distribution.
Purulence and Bacteria in TAs
Purulence was absent in 469 of 646 (72%) TAs taken from all 170 mechanically ventilated VLBW infants. Of these non-purulent TAs, 12% showed organisms on Gram stain, whereas bacterial cultures were positive in 58% (Table 2) . Light purulence was present in 108 (17%) TAs, bacteria were seen in Gram stain in 70%, whereas TCs were positive in 94%. Moderate/heavy purulence was noted in 69 of 646 TAs (11%); bacteria were present on Gram stain in 83% of the cases, whereas 69 (100%) of corresponding cultures were positive. Figure 1 . Light, moderate, and heavy purulence in TAs combined, and GPC and GNB airway colonization in 170 mechanically ventilated VLBW infants.
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When bacteria were absent on Gram stain (62% of 646 TAs), purulence was noted in 11%, but TCs were positive in 58% of the cases. GPC was noted on Gram stain in 132 (21%) of TAs; purulence was present in 54% of these specimens, whereas all corresponding TCs were positive. The presence of GNB alone or in combination with GPC was noted in 111 (17%) TAs; purulence was observed in one-half of these cases, whereas all 111 TCs were positive.
Purulence and GNB in TA as Predictors of Positive TCs
The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for purulence and GNB seen on Gram stain as predictors of positive TCs were calculated. The absence of purulence, together with GNB on Gram stain (244 TAs), had 56% sensitivity, 90% specificity, 66% PPV, and 85% NPV. Corresponding values for light purulence and GNB in 95 TAs were 49% sensitivity, 98% specificity, 95% PPV, and 67% NPV. The presence of moderate/ heavy purulence and GNB in 65 TAs showed 70% sensitivity, 100% specificity, 100% PPV, and 67% NPV.
Purulence in TA and Duration of Endotracheal Intubation
The relationship between purulence in 646 TAs and duration of ventilation was studied. The percentage of purulent TA increased from 2% for the first week to 28% during the third and to 44% during or later than the fifth week (Figure 1 ). Light purulence was noted in 2%, 15%, and 24%, whereas moderate/heavy purulence increased from 0% to 13% and 21% during the same periods, respectively.
Purulence in TA and GNB Species A total of 155 TAs from 66 GNB airway-colonized VLBW infants, whose corresponding TCs were positive for GNB, were analyzed. Purulence in TA was noted in 58% of 26 Pseudomonas aeruginosa, 62% of 13 Acinetobacter baumannii, 29% of 21 Klebsiella pneumoniae, 42% of 31 Enterobacter cloacae, 37% of 19 Escherichia coli, 50% of 4 Citrobacter koseri, and 42% of 41 TCs with multiple GNB.
Clinical Correlates with Purulent TA Airway colonization with GPC only occurred in 33 of 66 (50%) survivors in the non-purulent group and in 43 of 83 (52%) survivors of the combined purulent TA groups (Table 1) . Airway colonization with GNB alone or in combination with GPC occurred in 27% of the non-purulent and in 66% survivors of the combined purulent TA groups (p<0.01). There were no GNB species differences between the groups of patients. Airway colonization in relation to purulence in TA is early and universal for GPC and late and sporadic for GPC and GNB combined (Figure 1) .
Three of 79 infants from the non-purulent TA group developed nosocomial BSI (due to S. epidermidis) and 4 experienced VAP, 2 due to P. aeruginosa (both died), 2 to K. pneumoniae, and 10 had clinical deterioration of non-infectious etiology.
When the first light purulent TA occurred, 34 of 44 (77%) of mechanically ventilated infants were asymptomatic ( Table 3 ). The remaining 10 (23%) were having clinical deterioration (oxygen desaturation, bradycardia, increased ventilator needs) for which they had a sepsis work-up. Two of these infants had leukocytosis and 5 of 10 infants had immature-to-mature WBC ratio >0.3. One of 10 infants had a blood culture positive for coagulase-negative staphylococci. Four infants with abnormal WBC and differential, negative blood cultures, light purulence in TA, and without X-ray changes compatible with VAP had tracheitis. Five symptomatic infants had normal WBC and differential, normal chest X-rays, and negative blood cultures, and, like the rest of the 44 infants, survived.
At the time of the first moderate/heavy purulent TA, 31 of 47 (66%) VLBW infants were asymptomatic. The remaining 16 (34%) had clinical deterioration (see above) for which they underwent sepsis work-up. Ten had normal white blood cell counts, three leukocytosis, and three leukopenia. Eight of the 16 patients had immature-to-mature WBC ratio >0.30. Two of these 16 infants had blood cultures positive for coagulase-negative staphylococci and were diagnosed as BSI. Four patients whose blood cultures were positive for P. aeruginosa and one for E. cloacae were diagnosed with VAP. Four of the five VAP infants died; the remaining 43 survived. One infant with abnormal WBC and differential, negative blood cultures, and without radiological signs of VAP had tracheitis.
DISCUSSION
TAs from mechanically ventilated VLBW infants are frequently obtained as part of an evaluation for suspected sepsis, tracheitis, VAP, or non-specific clinical deterioration. Criteria for clinical interpretation of individual TA results are not well established and little in the literature relates specifically to this special population. Like others, we do not advocate performing routine surveillance of TA cultures as predictors of bacteremia because of its poor specificity and low predictive value.
6,9,10,16,23 -25 Nevertheless, valuable information can be gained from prudent interpretations of TA and TC. A positive TC taken within an hour of birth, together with clinical and radiological signs, can identify the source of perinatal pneumonia. 1, 9 Serially obtained TC can lead to the diagnosis of bacterial or viral airway colonization, a subject that recently has attracted attention. 10, 26, 27 The presence of a newly acquired pathogen in tracheal and blood culture, together with pulmonary radiological signs, could assist in the diagnosis of VAP. 19 Our data show that at the time of the first purulent TA, the majority of mechanically ventilated VLBW infants were asymptomatic, and only 8 of 26 symptomatic infants had proven nosocomial infections (three BSI, five VAP). Traditional clinical thinking, as well as CDC definition of pneumonia, includes ''new purulence'' in respiratory secretions (sputum) as contributing diagnostic criteria. Our results do not support this statement because radiologically documented VAP occurred in 4 of 79 (7%) VLBW infants who never had purulent TA and in 5 of 91 (5%) who did. CDC definitions indicate that infants at risk for tracheitis and tracheobronchitis are those who experience signs of infection and respiratory disease (including new purulence in the sputum) without radiological confirmation of pneumonia. 28 Accordingly, only five symptomatic patients with abnormal WBC and normal chest X-rays had tracheitis. The remaining 13 constituted a group of mechanically ventilated VLBW infants with non-specific clinical deterioration unrelated to infection. 29 It appears that, in the VLBW infant, purulence in TA relates to duration of endotracheal intubation, GNB airway colonization, and, in a few instances, to nosocomial respiratory infection. Distinguishing respiratory infection from airway bacterial colonization is very important for management and prognosis, and it may avoid unnecessary antibiotic administration in patients with clinical deterioration of non-infectious origin. 29, 31 There is a strong correlation between GNB seen on Gram-stained smears and positive bacterial cultures from corresponding TA. 3 Since the absence of organisms on Gram-stained smears associates with light growth, 12 -15,30 it has been proposed that clinical laboratories reject bacterial cultures on such specimens, with considerable cost savings and without adversely affecting patient care. 13 Other investigators 15, 30 who reported significant growth of potential pathogens in TA without organisms on Gram stain concluded that finding alone did not justify discontinuation of bacterial cultures. Our observation, that bacterial cultures were positive in 58% of 401 TAs without organisms on smears and in 42% of those TAs without purulence, supports a similar conclusion.
In summary, purulence in TA corresponds with prolonged endotracheal intubation and is temporarily associated with GNB airway colonization. At the time of the first purulent TA, the majority of mechanically ventilated VLBW infants are asymptomatic. Clinical deterioration in this patient population is common and seldom associates with nosocomial infections. Among symptomatic VLBW infants with purulent TA, few may have respiratory nosocomial infection (VAP, tracheitis). Distinguishing lower respiratory tract infection from GNB airway colonization is important for management and prognosis. A better understanding of the clinical significance of purulence in TAs from mechanically ventilated VLBW may decrease unnecessary concern for infection and the associated use of antibiotics.
